Furthermore, the olive oil contains some saturated fatty acids such as palmitic acid which range 7.5 -20 , the myristic acid which range 0.05 or less in olive oil 9, 10 .
Olive is grown in a large geographic area in Turkey, which is a significant olive producer, and olive oil is eventually produced. However, studies on the characterization of olive oil have only concentrated on specific regions and varieties 11 19 . Therefore, this study included exemplification that considers 5 different regions Mediterranean, Aegean, Southeastern Anatolia, Marmara and Black Sea , extensively produced cultivars per region and two harvest years, and the olive cultivars were analyzed in terms of fatty acid composition after being processed to the olive oil in agricultural facilities.
Marmara Regions Table 1 . This experiment was repeated during two years, 2010 and 2011 in November. The olive fruits were processed to oil in agricultural facilities of the regions, where the samples were taken. Five hundred mL oil was taken from each sample, put into brown glass bottles and kept in dark until the analysis.
Fatty acid compositions analysis
Fatty acid methyl esters were prepared from olive oil according to the method described by Metcalfe and Schmitz 20 . 0.05 g of sample was weighed and 1.5 mL of 2 M NaOH methanolic was added. The vials were capped under nitrogen gas, and a saponification reaction was carried out at 80 for 1 hour. Samples were cooled and 2 ml BF3 -methanol was added. Subsequently, the tubes were again treated with nitrogen gas and allowed to stand for 30 min at 80 . After cooling, 1 mL of hexane and 1 mL of deionized water was added to the tubes and mixed well. The tubes were centrifujed for 10 minutes at 6000 rpm. Hexane layer was transferred to new tubes containing sodium sulfate. After addition of 1 mL of hexane, 2 mL of the upper layer were transferred to vials. Vials were sealed under nitrogen and was maintained until analysis at -18 . Fatty acid composition of samples were determined by gas chromatography GC, Agilent Technologies 6890N with FID detector. GC system was equipped with a capillary column DB23, 60 m 250 µm 0.15 µm . The oven temperature was increased from 100 to 200 with rate of 5 / min and from 200 to 250 with a rate of 4 / min. The injection block and detector temperatures were 250 and 280 , respectively. Helium was used as a carrier gas with a 1.2 mL/ min flow rate. A fatty acid methyl ester mix Supelco, FAME-mix, 4 -7801, Bellefonte, PA, USA was used as standard in the system
Statistical analysis
The research was established and conducted on the basis of the nested classification model considering 5 different regions, 5 varieties from each region and 2 harvest seasons. The research data were subjected to variance analysis through a packaged software IBM SPSS Statistics 20 and the variation sources that were found important were compared with the Duncan s multiple comparison test. The relationship between harvest year and fatty acid composition as regions was also evaluated by principal component analysis PCA using Unscrambler v10. 01. Como Process, A. S., Norway . 
RESULT and DISCUSSION
The effect of the geographic region on the fatty acid composition of olive oil is given in Table 1 . The palmitic acid content of oil which obtained from the Aegean, Marmara and Black Sea regions was lower than that of the Southeastern Anatolia and Mediterranean regions. The highest mean palmitic acid value was found in the Southeastern Anatolia region. The lowest stearic acid content 0.98 , which is another saturated fatty acid, was determined in the Marmara region. However, no significant difference was found between Marmara region 0.98 with Aegean 1.79
and Black Sea 1.67 regions Table 2 . In the previous study, olive oils were taken from different geographic regions of Turkey Northern and Southern Aegean, Bursa -Akhisar and Southeastern Anatolia . The results showed that the highest palmitic acid content was found in the Southeastern Anatolia Region 18.20 and the lowest stearic acid 1.61 in the Manisa -Bursa regions 12 .
The Aegean and Marmara Regions showed the highest oleic acid content 70.68 and 73.31 respectively . The mean oleic acid content ratio in olive oils produced in the Mediterranean, the Southeastern Anatolia and the Black Sea regions were determined as 67.20 , 65.59 and 64.52 , respectively. Differences between means as to region of production were not significant Table 2 . However, the results of all the regions researched comply with the Turkish Food Codex Olive Oil and Pomace Oil Communiqué . It has also been determined in some other studies that the linoleic acid content is high in the Aegean and Marmara Regions, which have a great share in olive oil production 12, 21 . The highest value of linolenic acid, which is another unsaturated fatty acid, was found in the Black Sea Region. The ratio of linoleic acid in olive oils produced in other regions varied between 8.10 and 10.90 . It has also been revealed in other researches related to the topic that many factors such as high location, maturity level, cultivar and harvest year influence the fatty acid composition of olive oil 14, 17, 22 28 .
A PCA was performed to summarize the differences in fatty acid composition of years for each region. Two principal components in Mediterranean, Aegean, Marmara, Black Sea and Southeastern Anatolia were able to explain the 91 , 90 , 95 , 100 and 91 of the total variance observed, respectively. Oleic acid, the most important fatty acid of olive oil, has strongly positive correlation with PC1 in all of regions except Mediterranean region. In Mediterranean region, linoleic acid was positively associated with PC1, while oleic acid was highly positive correlated with PC2 Fig. 1 .
Harvest year is another factor which has an effect on the fatty acid composition and some other qualitative characteristics of olive oil. As seen in Table 3 , the differences between the average values of the years and the other researched fatty acid averages other than palmitic, heptadecanoic and stearic acid are quite clear. The oleic acid amount increased, but the linoleic acid amount decreased in the second year. Similarly, Diraman et al. 6 stated that significant variations occurred on the fatty acid composition of the olive oils depending on the harvest year. Cultivar is another important factor influencing the fatty acid composition of olive oil 29 . In this study, the extensive cultivars of the regions were harvested, processed into oil and analyzed. Gemlik, an important olive cultivars in Turkey, presented a high oleic acid content 70 in the Mediterranean, Aegean and Marmara regions. But Ayvalık, Table 4 The interaction effect of geographic regions and cultivars on fatty acid compositions mean SD . another important cultivar, differed as per the regions. Its proportion was 64.42 in the Mediterranean region while it had a proportion of 69.36 in the Marmara region. Memecik cultivar showed values over 70 in both Marmara and Aegean regions. Another characteristic of this cultivar was its representation of a lower palmitic acid proportion Table 4 . However, a higher palmitic acid content was reported in another research conducted for the characterization of olive oils obtained from the Memecik cultivar. The oleic acid content differed between 73.37 and 75.64 in the same research, similarly to our findings 14 . Butko cultivar was determined as the cultivar which had the lowest oleic acid content in the Black Sea region and this value is below 55 -83 that are defined as the limit values for oleic acid in the Turkish Food Codex Olive Oil and Pomace Oil Communiqué . Considering the varieties in the regions, no statistically significant difference was found in the Mediterranean region in relation to heptadecanoic, heptadecenoic, stearic, oleic, linoleic, linolenic and arachidic fatty acids. Similar results were obtained in the Aegean region varieties as well. However, in this region, the lowest and highest palmitic acid contents were determined in Memecik and Erkence cultivars, respectively. As another result, significant differences were observed among cultivars in terms of linoleic acid. While the Kilis Yağlık cultivar showed the highest oleic acid ratio, the linoleic acid ratio was found lower than the other varieties in the Southeastern Anatolia region. In this region, Nizip Yağlık cultivar exhibited a higher value than the other varieties in terms of heptadecanoic acid. Palmitic acid had higher values in the varieties of this region and Halhalı cultivar showed the highest ratio. But the average palmitic acid proportion of this cultivar wasn t different from the average value of the Karamani cultivar Table 4 . There was no difference between the varieties Gemlik, Ayvalık, Çelebi, Domat, Memecik researched in the Marmara region, where olives are extensively grown, in terms of fatty acid composition. No significant differences were observed between the varieties in the Black Sea region in regard to other fatty acids except for oleic and arachidic acids. Butko cultivar showed the lowest value for the oleic acid. Arachidic acid couldn t be detected in this cultivar and Görvele.
Consequently, the cultivars in three important geographic regions Mediterranean, Aegean and Marmara , where olive agriculture is extensively performed, gave similar oleic and linoleic acid values. It was revealed that the Memecik cultivar had a palmitic acid value less than 10 in the Aegean and Marmara regions. Regionally, the highest oleic acid content was found in the Aegean and Mediterranean regions. Another characteristic of the Marmara region is representation of a lower linoleic acid proportion. Besides, the harvest year had significant effects on both monoenoic and polyenoic unsaturated fatty acids.
